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IntRoduCtIon
Hen's eggs have been traditionally considered as an important source of nutrients for humans (Nau et al., 2003) . It is a source of proteins, lipids, minerals and vitamins easily renewable. The egg belongs to the limited category of foods containing the nine amino acids that human cannot synthesize. It was thus chosen by World Health Organization (W.H.O.) as the reference protein source for children (reference 100, which is slightly higher than women's milk) (Nys & Sauveur, 2004) . The wide variety of poultry production systems and the low cost price of eggs make them widely accessible to rural and urban population (Moula, 2012) . In addition, they are accepted worldwide and are not subject to major cultural or religious prohibitions (Bessadok et al., 2003) . Changes in lifestyle and consumption habits, accompanied by the development of the fast food, increased its demand. Indeed, egg proteins are appreciated ingredients in many foods (Mine, 2002) .
The production and consumption of eggs in Algeria have undergone a rapid evolution since the 1980s, and continues to increase. Eggs are bought in many different retail spots in Algeria. However, the three
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Moula N, Ait-Kaki A, Leroy P, Antoine-Moussiaux N major channels are supermarkets (urban and peri-urban areas), public markets (in urban centers) and small foodshops (urban, peri-urban and rural areas) . The aim of this study was to investigate the quality of eggs offered to the consumers in the department of Bejaia. The egg quality traits taken into consideration were egg weight, freshness (Haugh units) , yolk color, shell thickness and yolk/albumen ratio. These characteristics are related to egg production (breed, feeding) and marketing (delay, transport care) features.
MAteRIAlS And MethodS
A total of 3330 eggs were bought from three different marketing channels: 10 supermarkets, 10 public markets and 10 small food shops. The number of analyzed eggs in each source is listed in A random sample was obtained twice from each source at one-week interval during spring and summer. Eggs are mainly sold by batches of 30 units, without any information on the source, laying date, or egg size.
After numbering the eggs, the here-above listed measurements were carried out. Haugh units are an estimate of eggs freshness. These are measured using an electronic scale and a tripod micrometer. Each egg was weighed and broken on a glass surface. The thickness of the albumen was measured with the tripod micrometer, at its maximum height. Haugh units were calculated using the formula described by Haugh (Haugh,1937) : HU = 100 log (H -1.7 w 0.37 +7.6); where HU = Haugh units, H = Albumen length (mm), W = egg weight (g). Egg yolkcolor was determined using the DSM Yolk Color scale. After removing shell membranes, the thickness of eggshell was measured on three equator points with an electronic micrometer. The average of these three values was considered for data analysis. Tyler and Geake (1964) reported that the eggshell is thinner but almost uniform on equatorial zone. Eggs were graded according to USDA standards in respect to the studied quality components (USDA, 1975) .The eggs price per kg in Algerian Dinar (1DA ≈ 0.01€) was also calculated.
The statistical analyses were carried out using SAS software (SAS, 2001) .The generalized linear model (GLM) was used to perform an analysis of variance (ANOVA) of each parameter to determine the differences between the three studied retail sources and their statistical significance. For each parameter, the least squares means (LSM) and the standard errors were calculated. The chi-square test was used to test independence between the qualitative variables and retail sources.
ReSultS And dISCuSSIon
Egg quality is a general term, which refers to several standards that define both internal and external quality. Internal quality refers to egg white (albumen) cleanliness and viscosity, size of the air cell, yolk shape and yolk ratio. Exterior egg quality is defined as texture, color, soundness, cleanliness and shape of the shell. The shell of each egg should be smooth, clean and free from cracks and eggs should be uniform in color, size and shape (Coutts et al., 2006) . Egg composition is not a uniform trait and depends on many factors, such as hen breed and egg storage time (Moula et al., 2009; Moula et al., 2010) . Variability in the quality of eggs available to consumers has been reported by many investigators (Vanghan and Adams, 1959; Abo Omar & Aref, 2000; Bell et al., 2001) . However, little is known about the quality of eggs commercialized in Algeria.
The statistical analysis showed a significant effect of the retail type on egg weight, Haugh unit, shell thickness and price per kg (p<0.05). The season and the interaction between marketing channel and season had no significant effect on egg quality traits (p>0.05) except for egg weight (p<0.05). The season significantly impacted Haugh units (p<0.001), shell thickness (p<0.0001) and price per kg (p<0.05). Marketing channels significantly influenced egg weight (p<0.0001), Haugh unit (p<0.0001), shell thickness (p<0.01) and Y/A ratio (p<0.05).The eggs bought in supermarkets were significantly heavier than those bought in small foodshops and public markets (p<0.05). However, the price per kg was not significantly different between shops and supermarkets ( Table 2) .The difference of egg weight according to marketing channel was observed in this study (Table 2) . Consistent findings were previously obtained by Abo Omar & Aref (2000) and by North (1984) , but these authors reported that eggs from shops and public markets were significantly (p<0.01) heavier when compared to supermarkets.
Algeria is a Mediterranean country with a hot summer. This explains the influence of season on egg Quality Assessment of Marketed Eggs in Bassekabylie (Algeria) quality (Table 2) , especially on their freshness (HU units). In fact, egg freshness was significantly higher in spring. The same result was found by Islam et al. (2001) . Thus, under high temperature conditions, egg production and egg quality decrease (Leeson, 1986) and one of the reasons of these detrimental effects is insufficient feed intake (Leeson and Summers, 1997) . Eggs sold in supermarkets in this study, presented the best quality, considering their freshness. In addition, their freshness was higherthan those sold in supermarkets of California (HU: 61.1), Illinois (HU: 62.8), Pennsylvania (64.0), Texas (HU: 59.6), North Carolina (HU: 67.7) and New England (HU: 68.1), as described by Bell et al. (2001) . No significant effect of marketing channel on the egg price per kg was observed in the study of Abo Omar et al. (2000) . However, here, the price of eggs in public markets was significantly lower compared with other marketing sources.
Eggweight categories are shown in Table 3 . These categories were clustered according to the European classification. The chi-square test showed a significant link between weight classes and marketing channels (p<0.05). Most of the eggs bought were mediumsized. In the supermarkets, nearly 10% of eggs were extra-large. This category represented less than 2% of eggs in public markets and foodshops (Table 3 ). The proportion of damaged eggs was higher in public markets (9.0%), intermediate in food shops (7.3%) and lower in supermarkets (5.7%; p<0.05) (Table 4) .
Haugh units were significantly lower in eggs sold in public markets, indicating that eggs were not very fresh (p<0.05; Table 3 ). This result may be explained by the exposure of eggs to air. Storage conditions, including temperature, humidity, presence of CO 2 , and duration of storage, are also of prime importance for egg quality at retail (Samli et al., 2005) . Storage time and temperature appear to be the most crucial factors affecting albumen quality or Haugh unit (HU). A high percentage of the analyzed eggs were AA grade,i.e., according toUSDA norms (USDA,1975 ) concerning interior quality (Table 5 ). Yolk color of eggs obtained in different marketing channels was not different, which can be explained by the uniformity of the feed used in poultry farming in Algeria.
As a conclusion, marketing channel significantly influences eggs quality in Bass Kabylie, with higher quality observed in eggs sold in supermarkets. The lower quality of eggs bought in public markets is associated with their lower price. Nevertheless, this lower price should not automatically be ascribed to the lower quality. Rather, the shorter marketing chains may provide a better explanation. For most of the parameters, eggs from small food shops present intermediate values. Accordingly, this study indicates to the need of quality improvements in short marketing chains. The promotion of such local markets would provide outlets for eggs of local breeds and promote the preservation of biodiversity and inclusive rural development. 
